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SPIN INVESTIGATION OF A 75-SCALE MOIEL OF THE

| 29
REPUBLIC XF-91 ATRPLANE WITH A
. CONVENTIONAL TATL INSTALLED '

By Walter J. Klinar and Ire P. Jones, Jr.

SUMMARY
}g* C An inwestigation has been conducted in the Langley 20-foot free-
|  epimning tumsl of & g5-soale model of the Republic XF-91 eirplane with
* o a conventional-taill arrangement installed. Previously, tests were made

on the model with a vee tail installed. The erect spin and recovery
characteristice of -the model were determined for the normal loading
with the wing installed at various amounts of incildence. The spin

investigation also included inverted-spln tests, gpln-recovery-

‘parachute tests, tests with the center of gravity moved rearward, and .
tests with external fuel tanks added to- the model. In addition,
gseveral tail modifications were tested on the model in an attempt to

»imprové‘the mpdel's spin-recovery characteristics.

o ‘Thq'results indicate that any fully developed spin obtained on the
airplane with the conventidnal tail installed will be satisfactorily

terminated if rudder reversal is accompanied by moving the ailerons
with the spin (stick righ'b in a right spin). Decreasing the wing
incidence fram 6° to =29 should have a beneficial effect on the ‘
recovery characteristics of the airplene. Recovery characteristics by
normal use ofscontrols (full rudder reversal followed by moving the
elevators down) will be satlsfactory if the wing incldence of the alr-
plane WInétéllétibh”df“éktérﬁal'fuel”tahks (with or without :

plene is -29.
L - Tuel) will have a somewhat adverse effect on the recovery character-
- 1stics of the airplane, but if the recovery technlque includes movement
- . of the allerons to full with the spin, the spin rotation will be terml-
' ‘npted rapidly. Varylng the position of the center of gravity within
the 1limits indicated to be possible on the airplane should not affect
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the recovery characteristics. Recoveries from inverted spins should be
terminated satisfactorily by full reversal of the rudder. The model
test results show that either moving the tail surfaces rearward

17.4 inches (full scale) and adding ventral-fin area, or approximately
doubling the rudder chord would insure sa‘bisfactory spin recovery for
the airplane for any condition without the ald of aillerons. The model

tost resul'bs indica'bed that a 9g-foot-diameter conven'bional-'bype para-

chute (drag coefficien'b approx. .70) attached to the tall should be
effective as. an emergency spm-recovery device during demonstration

spins.

]NTRODUCTION

: In accordance wi’ch a request by the A:Lr Ma‘teriel Command U. S.
Alr Force, an additional investigation was performed in the Langley
20-foot free-spinning tunnel to determine. the spin a.nd recovery charac-

‘ teristics of a i--scale model of the Republic XF-91 airplane with a.

29

» ‘conven'bional-tail installation. A previous spin investiga'bion hag been‘

conducted in the spin tunnel on the 3CE‘-91 model equipped ‘with a vee

tail. (See reference 1l.)

‘ For the curren'b tests, the erec'b and inverted spin characteristics"
of the model were investigated for the normal loading,: 'and the effect
of varying the wing incidence from 6° to -2° was determined. In

-addition, tests were performed with external fuel tanks ingtalled on .

the model, and the effect of moving the center: of gravity rearward was
also determined. Various. tail modifications were investigated in an

_ attempt to improve the: model ] spin-recovery charac‘beristics, ‘and tests-

were:- performed to’ determine’ -the minjmum.-size tail parachu'be required

| "for emergency spin recovery. .

a _;wing span ) ‘fee"b

. w:ing area, square feet g

<

' mean aerodynamic- ,chord, feet
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ratio of ‘distarnce of center of gravity rearward of
leading edge of mean aerodynamic chord to mean aero-
" dynamic chord -

ratio of distance between center of gravity and thrust

'1ine to mean aerodynamic chord (positive when center
of gravity is below thrust line)

mass of airplane, slugs

. moments of inertia about X, Y, and 27 body axes,

respectively, slug—ft2 .

' inertia yawing-moment parameter

inertia‘rolling-moment parameter

<inertia5pitching-moment parameter ..

‘air density, slugs per cubic foot

relative density of airplane (m/pSD)

angle between thrust line and vertioal‘(approx. equal
to absolube value of angle of attack at plane of

‘symmetry), degrees

angle between span axls and horizontal degrees

ufull-scale true rate of descent, feet per: second
;.full-scale angular velocity about spin axis, rpe

‘helix angle; angle between flight. path and vertical,

degrees (For this model, the aver absolute value
of the helix angle was approx. h°

approximate angle of sideslip" ‘at center of gravity,
degrees (Sideslip is inward when immer- wing is down
. by an smount greater <than’the helix angle.)
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APPARATUS AND METHOTS

© ‘Model

The -2]-'§-scale model of the Republic XF-91 airplane used for the

investigation reported in reference 1l was used in the present investi-. .
gation except that the vee tall was replaced with a conventional-tall
arrangements - The dimensional charscteristics of thé XF-91 airplane as
represented by the model are presented in table I. A three~view .
drawing of the model as tested with the conventlonal tail installed is
‘ghown in figure 1, and a sketch of the external fuel-tank installation
s shown in figure 2.  Photographs of the model in the clean condltlon
and with the external fuel tanks installed are gshown in figure 3. :
Sketches of various tail modifications tested on the model are shown in
figure 4 and a photograph showing the model spinning in the tunnel 1s
presented in figure 5. ‘

‘ The model was ballasted with lead weights to obtain dynamic
gimilarity to the _airplane ‘at an altitude of 15,000 feet = =

(p = 0.001496 slug/cu ft)e A remote-control mechanism was installed
in the model to activate the “controls for recovery tests. Sufficient
‘moments were exerted on the control surfaces during recovery tests to
reverse the controls fully and rapidly. - , '

The model parachutes used were of the flat circular type, made of -
gilk, and had a drag coefficlent of approximately O.7 based upon the
_surface area. : '

The tall-dampling power factor was computed by the method described
- 1n reference 2. - ‘ : ; :
_ Wind Tunnel and ‘Tes'bingﬁ Te’c;.hni_q’ue.» S
. The teste 'ﬁeife"péfformed,.in'the Lal_'_lg;l.eylzo-foo,t 'fme—épmning '
tunnel. The testing technique applied and methods for determining the
-.8pin data were essentiallx"the same as those reported in reference 1.

"As"ha‘s been véiplain‘eci{fin:'reférehce 1, testslveré'per:f‘bz;med to
. determine the spin and recovery. characteristics of the model for the

. .V,,,,no;mlﬁ,spmgg-;_gpgt@l configuration (elevator full up, allerons

" neutral, -and rudder full with the gpin) and for. various other alleron-.
- elevator combinations including neutral -and -maximm settings of the
controls for verious model loadings and configurations. Recovery was
generally attempted by rapid reversal of the. rudder from full with to

full against the spin. For some of the tests, recovery was also
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attempted by reversing the allerons from their original against—the-
spin setting (right aileron down and left alleron up In a right spin)
" to” their ; mimn defléction 1f the opposite direction (full with the
spin; stick right in a right spin). Tests were also performed to
evaluate the possible adverse effects on recovery of small deviations
from the normal-control configuration for spimming. For these tests,
the elevator is set at.two-thirds of its full-up deflection and the
allerons are set at _one-third of full deflection in the direction ‘
“conducive to slower recoveries (against the spin for the XF-91 model
~ for all loadings tested). Recovery from this spin is attempted by
_rapidly reversing the rudder alone from full with to two-thirds against -
 the spin or by moving the rudder to two-thirds against the spin in
conjunction. with elevator reversal. If the model recovers within:

2% turns from this ‘spin, the recovery characteristics of the model are .

considered satisfactory and taken to indicate that recoveries from
spins on the full-scals alrplane by normal manipulation of the controls
(i.e., reversal of the rudder followed approx. one-half turn later by
elevator reversal; ailerons placed at neutral) will be satisfactory.
This criterion has been based on full-scale alrplane spln-recovery data
that are available for comparison with corresponding model results.

S The testing technique for determining the optimum size of and the

- ‘ “towline length for spin-recovery parachutes 1is described in detail in
reference 3. In brief, the model in the original configuration was
lawnched into the tunnel with -the rudder set full with the spin. For
recovery attempts, the rudder was held with the spine. The parachute
pack and towline were attached to the model in such a mamner as to have
no effect on the steady spin before being openeds. For the tall para-
chute tests, the parachute pack and towline were attached to the model
at the rear of the. fuselage Just above and slightly forward of the
rocket-motor exite The .parachute was packed below the horizontal tail

. .at the juncture of the fin and. fuselage on the outboard side of the
. fuselage (left side in a. right spin) . ‘The parachute was opened. for the
recovery attempt by actuat:Lng the remote control mechanism., (_See
reference. 3.) : ‘ . ‘ : 3

v The precision of the test results and- the limits of accuracy of
the mass . charac teristics of the model- for “the present tests’ are s:hnilar
to’ those presented in reference 1. e

e -"]IES_TJCONDITION_S‘['

‘ Tests were performed‘for the model con_ditions listed in table II.
For all tests, the flaps were neutral, the. landing gear was retracted,
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and the cockplt was closeds Mass characteristics and mass parameters
_ for the normal—loading condition and other loading conditions possible

Tl T | RP- SRS s .
o1l u.u.c a..u.y.].al.l.c:, as WU.I.J. &a8. 10" uae .Luau...u.lgb tes wu. on the J.I.LUU.U.I., are

listed in table IIL. The mass-distribution parameters for the loadings

possible on the XF-91 airplane and for the loadings tested on the model

are plotted in figure 6. As discussed in reference 4, figure 6 can be

,used in predicting the relative effectiveness of the controls on the
: ﬁrecovery characteristics of the model.

The normal—maximumrcontrol deflections (measured perpendicular to

hinge line) used in the- tests ‘Were as follows.]i*

e ¢ ¢ o o 25 right, 25 left
s o0 o @ . 30 up, 15 down
s 8 s 8 20 up, 18 down

Rudd.er ’ deg e o o e o
Elevator, deg s+ o o «
Allel'ons ’ deg s e o @

L [ ] L
L ] L] I.
i ] L ] L ]
. o o
L] . [ ]
L [ ] ]
[ ] .. [ ]
e s o
* s o
] L] .

RESULTS AND DISCUSSION

The results of the model tests are presented in charts 1 to 7 and

'in tables IV and V in terms of the full-scale airplane values at a test
“altitude of 15,000 feet. Because of some inherent asymmetry in the :

model construction, recoveries from the spins to the right were some-
vhat slower than the recoveriles from the corresponding left spins for a

* few control Ponfigurations- Accordingly, the greater portian of the

tests was conducted for -the model spinning to the right, and the data

presented in the charts for the right spins are considered slightly

conservative. A comparison of the results for both the right and the
left spins is also presented for some of the conditions tested.

Normal Loading

Model results. The results of the spin tests for the normal.

: 1oading ‘dre presented in charts 1, 2, and 3 for wing incidences of 6°
- 0°, and -2°, respectively. When the wing was installed on the model
'~ at an incidence of 6°, the model spun steeply at the - normal-spin-~

‘control configuration (ailerons neutral, elevator full up, and rudder

,full with the spin) for both the right and the left spins and’ recovered

rapidly when the rudder alone was reversed. 'With the allerons at
neutral and the elevator set at neutral or down, recoveries from the

.. right spins Were retarded, whereas recoveriles from. the left spins were
not affected by ‘elevator position. Ailerons set’ full against the spin

generally flattened both the right and the left spins and retarded
recoveries; whereas vwhen the allerons were set full with the spin, the

fiodel did not spin but entered either a steep tight spiral or a steep
aileron rolle.

, :
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. In order to determine the sensitivity of the model to small vari-
. ations in elevator and aileron setting from the normal-spin-control
~con:figura‘bion and -to small. variatlons in rudder deflection when the
wing was installed at an incidence of 6° on the model, the model was
spun with the ailerons placed one-third against the spin (in the
direction conducive to slower recoveries) and with the elevator set
at two-thirds of its full-up setting. Recovery was attempted from this
spin by reversing the rudder to only two-thirds of its full deflection
agalnst the spine. As has been explained previously, satisfactory
’recovery from this spin is taken as an indication that the recovery
characteristics of the airplane will be satisfactory when normal spin-
recovery 'bechnique (fu:Ll rudder reversal followed one-half turn later
by mov:lng the elevator down) is employed for the: ‘normal-spin-control
configuration. Results presented in chart 1 show ‘that elther’ the model -
did not recover from this spin or recovered very- slowly. The results
also show that when the elevator was set two-thirds full up, the model:
recovered when the allerons were neutral; whereas when the -allerons
were displa.ced against the spin only a very slight amount, unsatis- -
factory recoveries were obtained. The test results thus indicate that
the recovery characteristics of the full-scale airplane may be criti-
cally dependent upon the position of the allerons when the alrplane is
spun with 6° wing incidence, and that placing the ailerons only :
8lightly: against the spin may seriously retard recoveries. The data
presented in charts 2 snd 3 indicate that the sensitivity to aileron .
settings against the spin will be decreased and also that the recovery
.characteristics in general will be improved as the wing incidence is .
decreased fram 6° to -2°. In fact, the results show that vhen the wing
was placed at an incidence of -2° on the model, satisfactory recoveries
wore obtalned even when the ailerons were deflected as much as one-
+third against the spin.

In order to improve the recovery characteristics of the model from
the spins obtained with ailerons set against the spin, recoveries were
attempted by . simul'baneously reversing both the rudder and elevator, by
simultaneously reversing the rudder amd moving the ailerons from -

o against 'bo full with the spin, and by moving only the ailerons to with -

the spin ; the rudder remalning full with the spin. The results of
‘these tests, presented in chart 4, show that reversal of the elevator
in conjunction with rudder reversal had no bene:f'icial effect on the
model's recovery charac'beristics, whereas moving the: ailerons from
against to full with the spin- (alome or in cambination with rudder
reversal) effectively terminated the spin even when the’ wing Incidence
“was 6°. Thése results thus indicate that the ailerons were an

- ‘extremely- effective control In: producing recovery- fram a spin, Whereas
the eleva'bor provided little beneficial effect. T

Full—scale interpretation of model resul’cs.- Inasmuch as the
" wWilng incidence of the XF-9l airplane is wyariable in flight from 6°

'GW

tods
<
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to -2°, 1t is possible that the airplane may be spun with 6° wing
incidence. As has Just been discussed, the model test results indicate
that with 6° inglderce 1n the wing, the alrplane may not recover satis-
factorily from spins by normal manipulation of the controls for
recovery (i.e., rudder reversal followed by elevator reversal, ailerons
maintained at neutral). It appears, however, that satisfactory ,
recoveries from spins of the airplane can be obtained by deviating
: somewhat from ‘the normal- spin-recovery technique. For spinsg that are -
. entered with the ailerons very ‘nearly at neutral,  if the rudder is
reversed briskly from full with the spin to full against the spin while
the stick is permitted to float 1a'bera.'u.;y , the variation in anglé of
attack along the wing during a spin will probably be such as to cause
the allerons to float with the spin, and the airplane should. recover
satisfactorily. As the airplane begins to nose down during recovery, .
the stick should be moved forward. Care .should be exerciged to avoid -
moving the stick forward too soon since premature reversal of the ‘
elevators may blanket out part of the rudder and cause it to become .
less effective in bringing about recovery. The model test results
‘indicate further that satisfactory recovery from any spin, regardless
of the initlal setting of the aillerons, can be obtained by moving the
- stick laterally to full with the spin as the rudder is reversed fully
" and rapid.ly for recovery. ~Recovery attempted in this manner will -
- result in a steep alleron roll and will require neutralization of the
-~ allerons after recovery from +the spin to terminate the roll. Inasmuch
- a8 1t appears that special recovery technique may be required to insure
- satisfactory recovery from spins on the full-scale XF-91 airplane, the
" recovery characteristics of the alrplane are considered marginal.

o In the pagt 1t has not been a general policy to recommend movement
.of the allerons to with the spin to effect recovery, because movement
of an additional control for recovery may cause a pilot to be somewhat
confused, snd also because spin-tunnel tests have indicated in the past
- that a model is generally slow. to respond to the aileron movement. For
‘ airplanes that have a very great portion of their weight distributed
. 'along. the fuselage relative to the weight. in the wings, as has - :
. the XF‘-91, it might be expected that, because of inertia effects, the
" response of the alrplane to alleron movement during spins might be fast -
and. even faster than its. response to movement of the rudder or ’
elevator. Thus it would appear that rudder and ailerons Ingtead of
" rudder and elevator might be the predominant controls in effec'ting
recovery from spins for alrplanes that are loaded very heavily along .
: the fuselage. This has’ ‘been 'borne out 'by the results of the XF-91
Besmii iz~ wwl0del spin. ~testae.. S SR R _

When the XF-91 airplane is to be spun .’Ln'l:eni',ionalil;)r » the model

. ‘ 'bes'b results ind.icate that the wing should first be placed at an
a - dncidence of -2° to minimize the unfavorable . effect of placing the

~OONT TR AL
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ailerons againet the spin. The model results further indicate that
with the wing at -2° 1incidence , the alrplane will recover satisfacto-
- pily from fully developed-spins even by normal usage of the controls.
Tt should be noted that if a spin is entered with the wing set at 6°
" incidence that changing the wing incidence in flight to -2°, although
favorable, may not be a means for satlsfactorlily terminating the spin
by normal movement of the controls because of the tlme regained for
the wing incidence and the alr flow about the airplane to.change.

| Effect of Wing Tanks

‘Tests were performed with the external fuel:tanks installed on
the model for the tank-empty condition and for the condition with fuel
added to the tanks to simulate the airplane loading after take-off and
climb to 50 feet. The results’ of these tests are presented in chart 5
and show that the addition of the empty or partlially full external wing
tanks had a somewhat adverse effect on the recovery characteristicas of -
the model, but that the favorable effect of placing the aillerons full
with the spin still persisted. The test results presented in chart k
show that recoveries fram spins could still be effected by moving the
o , ailerons to full with the spin. If a spin is inadvertently encountered
e when the airplane is being flown with the external wing tanks installed, - -
o . and if recovery does not appear imminent after movement of controls for
- . recovery, the wing tanks should be Jettlsoned. S

Effect of Varying Center-of-Gravity Position

The results of tests presented in chart 6 show the effects of _
moving the center of gravity rearward from normale Moving the center
of gravity rearward from its normal position at 16 percent of the mesan -
aerodynamic chord to ‘approximately 20 percent of the mean aerodynamic '

" chord (indicated to be the most rearward position of the center of ‘
gravity possible on the airplane) did not appreciably affect the spin and
recovery characteristics of the model. Brief tests made on the model
loaded to simulate the loading tested with the vee-tall configuration,
as reported in reference 1 (center of gravity moved back to 2l percent

- of ‘the mean aerodynamic chord and radius of gyration about Y-axis
increased relative to radius of gyration about X-axls) show that the ‘
spins generally became more oscillatory in roll and yaw, and that the
recovery characteristics of the model were general_:l‘y Improved.. - .

: § Tnasmuch as the model tended to resist spinning when the center of

o T ‘gravity was at 24 percent of the mean aerodynamic chord, additional

R - tests were conducted with the center of gravity moved farther rearward

%o 31.percent of the mean aerodynamic chord. With -thls position of the

- center of gravity no gspins were obtained. These results are in general
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agreement with results ob'bained with other spin models loaded. heavlly

.. along the fuselage in that rearward movements in the center of gravity

resulted in a change in the neatire of the spin 86 that the spins became
increasingly oscillatory in yaw and roll as the center of gravity was
moved resrward. (See reference 5.) Further rearward movements of the

_ center of gravity caused the spin of the XF—91 model to cease entirely.

Inverted Spins

The results of the inverbed-spin 'bests of the model in the design-
The order used for
presenting the data for inverted spins is diffe ent: from that used for
erect spins. For inverted spins, controls croased for the established
spin (right mdder pedal forward and stick to +the pilot's left for a
spin to the pllot's right) is presented to the right of the chart and
stick back 1s presented at the bottom. When the controls are crossed
in the established spin, the ailerons aid the rolling motion; when the
controls are together, the allerons oppose the rolling motion. The
angle of wing t11t ¢ in the chart is given as up or down rela'bive to

the ground.'

The model did not spin when 'bhe ‘controls were crossed, but epins - ' -

: were obtained. when the ailerons were neutral and when the controls o
- wore together. The model results indicate that the inverted spin can L

be satlsfactorily terminated on the full-scale alrplane by fully
reversing the rudder. n

These results are different from those that might have 'been
expected based on the Information that has been published on inverted

" spins. Reference 6 states that controls together tend to prevent the
" Inverted spin ‘and that crossing controls retards recovery from the

inverted spins. Also ». 8pin-model test results have indicated that

" merely neutra.lizing all controls generally terminates the inverted spin

‘rapldly.. These differences are explained on the fact that the XF-91 is
loaded very heavily along the fuselage, and also on the fact that the
relative effectiveness of the vertical tail a.t gpinning. a.t'titudes

is approximately the same for both the erect and: inverted spins for

~the XF-91l. Both ‘these factors combined tend to make both the recovery

characteristics and the spinning and nonspinning regions similar for
both the erect and inverted spins. (Ccmpare charts 2 and T. ) The .
models for which the study presented in reference: 6 wag made - Were

-loaded -more.equally along fuselage and wing, and . the horizontal tail
“was general_'l.y go posi'bioned that the vertical: ‘bail was considerably

more effective for the inverted spins than for “the erect spins. The-
conmbination of these factors apparently ténds" ‘to make the results for
the XF-91 model for inverted spins som.ewha-b different :t‘rom those .
indicated in reference 6
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Spin-Recovery Parachutes o
N Results of the spin—recovery-parachute tests are presented in .

‘ table IV. A tail parachute 9g feet in diameter (full scale) with a

o towline length equivalent to the wing span appears to be necessary for
satisfactory recovery from spins by parachute action alone. As pre-
viously mentioned the parachute was attached above the Jet exit at
the rear of the fuselage, and was of the flat-type variety having a
drag coefficient of approximately O«.T+ If a parachute with a ‘differ-
ent drag coefficient is used, a corresponding adJustment will be.

, required ‘in parachute size. Reference T indicates that a flat-type
parachute is unstable and may seriously affect the stability of the
alrplane in normal flight when the parachute is opened to test its

" operation. It may be desirable, therefore, to use a stable parachute
instead of a conventional parachute as an emergency spin-recovery
device. Camputations based on the results presented in reference T
show that a stable hemispherical parachute Te7 feet In diameter
(projected diam.) and having a porosity of 400 and a drag coefficient
of 1.1 would provide about the same amount of damping in a spin as '

a gg-foot diameter flat-type parachute.

Tail Modifications

A In order to obtain satisfactory recovery by normal use of controls

“from a fully developed spin for any condition possible on the airplane,

"1t appears that some modification of the deslgn will he required.

i Accordingly, several tail modificatlons were .tested on the model. The

L " modifications tested are tabulated in table V and are classified as

o ' effective or ineffective depending on whether they dld or did not
satisfactorily improve the .model's spin-recovery characteristics. The
.test data indicate’ that in order to Improve effectively the spin- ‘
- Trecovery characteristics of the model, it was necessary either to move
the tall surfaces rearward a minimum of 17 .4 inches (fu1r scale) and
gdd ventral-fin area (modification number 8 in fig. 4), or to approxi-
mately double the chord of the rudder (modification number 5- in o
fig h) S . o

‘ Landing Condition o
%@#ﬁﬁﬂ%*#*“¥>~¢?#' The»landing condition wag - not investigated orr this model inasmuch

ag current Alr Force' specifications require this type of alrplane to
demenstrate satisfactory recoveries in the 1anding ccndition from

NI,
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only one-turn spins. At the end of one tium the airplane will probably

81111 be in an incipient spin from which recoveries are more readily

"An‘analysis of full-scale and model ﬁééts to détermine-the effects

~of landing flaps and landing gear indicates that, although the XF-91

will probably recover satisfactorily from an incipient spin in the
landing condition, recoveries fram fully developed spins may be wnsat-
isfactory. Therefore, in order to avoid entering a fully developed -

 spin, it is recommended that the landing flaps be neutralized and

recovery be attempted immediately upon inadvertently entering a spin in
the landing condition. =~ R S

Cqmparison of Vee- and Cbnventibnalﬁfail ResultSa_ 

The ‘data pfesented in reference 1 for‘the Veeétailécdnfiguration

-are limited to a wing incidence of 0° and a loading having the center

of gravity positioned at about 26 percent of the mean serodynamic
chord. Comparison of the data presented in reference 1 with the data

presented in chart 6 for the conventional-tail installation indicates -

that with: the center of gravity in the neighborhood of the 1/4 mean

- aerodynsmic chord and 'a wing incidence of 0°, the: spin-recovery = =
. .characteristics of the model wilth .either the conventional- or vee-tail

installations were good. In addition, unpresented test results show
~that, with the vee tail installed on the model, ‘slow recoveries could

" be obtained if ailerons were slightly against the spin when the wing.

‘Incidence was 6° and the center-of-gravity position was at 16 percent

of the mean aerodynamic chord (corresponding to loading number 1 in
table ITI). These results are similar to the results presented in

- chart 1 for the model with the conventional-tail ingtallation, although

‘1t should be pointed out that the vee-tall .tests were conducted with a -

“rudder deflection of only +8°; whereas the conventlonal tall was tested

- of 15,000 feet are made :

 with a £25° rudder throw. It appears. that for the XF-91 design the

loading dictates the results obtained to a greater extent than does the

. tail so that recovery characteristics with elther the conventional téil

or the vee tail installed will generally be Similar.

" CONCLUSTONS

...Based on results of a spin investigation of a zc-scale model of

jthe-Republic:XFf9l airplane, the following conCiﬁbiqns regarding the

spin and recovery characteristics of the alrplane at a spin altitude

| vegTEm———" | L .
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1. The recovery characteristics of the ailrplane in the design

rtxgrossameight and with 6° incidence in the wing will be marginal from

fully developed spins.' Recovery ghould be-attempted by simulbaneous

movement of the ailerons to fvll with the spin and full reversal of
the rudder. As the airplane begins to nose down during recovery, the
stick should be moved forward.

2 Ibcreasing the wing incidence will have a beneficial effect on
the recovery characteristics. If a spin is entered with ‘the wing of
-2° " incidence, the recovery characteristics of the airplane will be
satisfactory and it will not be necessary to use the ailerons to
recover from. spins ,

3. The external wing fuel tanks (with or without fuel installed)
will affect the spin-recovery characteristics somewhat adversely. If
recovery does not appear imminent after a recovery attempt is made,
the tanks should be jettlisoned.

4. Moving the center of gravity rearward from normal within the

‘range indicated to be possible on the airplane will not affect the

gpin-recovery characteristics. Further rearwerd movements of the.

- center’ of. .gravity will cause the spins to become more oscillatory in
roll and yaw and will have a beneficial effect on the recovery

' characteristics.

5 Satisfactory recovery from inverted gping will Dbe obtained by

n:full reversal of the rudder.

6. A 92-foot flat-type parachute (Drag coefficient,=.0.70) or a

. gtable hemispherical parachute 7.7 feet in dlameter (Drag coeffi-

_cient = 1.1) atbached to the taill will be effective for emergency

recovery from.demonstration gpins.

e In order to ensble the airplane to recover satisfactorily from

'any fully developed spin by normal usage of the controls (i.e., rudder

" yeversal followed approx. one-half turm- later by reversal of the

‘elevator, allerons maintalned at neutral), it will be necessary to

| modify the tall of the airplane. Either doubling the slze of the
rudder cgord, or moving the tail surfaces reerward a minimum of
.»17.& inc es (full scale) and adding ventral—fin area will effectively

F
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improve the recovery characteristics of the ailrplane so that recovery
will be effected without the aid of the ailerons.

e o e e

Langley Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
La.ngley Alr Force Base, Va. ’

L BT , ~ Walter J. Klinar '
.Aeronautical Research Scientist

, Ira P. Jones, Jre.
Aeronautical Research Sc ientis_t
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- - Thomas A. Harris o .
Chief of Sta‘bility Résearch Divis-i’on
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'TABLE I.- DIMENSIONAL CHARACTERISTICS OF XF-91 ATRPLANE

. WITH CONVENTIONAL TAIL AS SIMULATED FOR MODEL TESTS v

Length over all t .N; ; ;'c o e » ; e o @

Wing. . . ) )
Span,' f‘b s o n e ® o o s s ‘e e 0 o+ s s
Area, 8q i) o & s ® 5 @ ->¢ . ‘e & 8 o o »
Section, TOOL o o o o o o o s 5 o o o o o
Sec‘tion, TIp ¢ ¢ e 0 els e s 6 6 6 s e
InCid.eIlce, d.eg L] o . . . t : -7” e o o o ‘ . A s e
Wing tWiSt e o o s s s-8 s o e o a @

) Aspect ratio e e 6.0 s -0 & s ¢ o 8 s s »
Taper ratio e o s s o .5 o e 0:);;_- .
Sweepback of 50-percent-chord line, deg .
Dihedral Of Wing, deg -fo'o‘oNo e o o ; .
Mean aerodynamic chord, ine « ¢« o« o o o

- Leading edge C aft of leading-edge
root chord, in. e v e s s s s e e o

Ailerons.

Total area, sq ft . o » .vl « s o o o .0

Span, percent b/2 . . . .

Horizontal tail:

Totél area, Sqg £t s 6 e e s s s & e . o
Elevator area, sq £t o+ o o ¢ o s o o = o
Distance from normal center of gravity to
intersectlion of elevator hinge lines at
the plane. of symmetry of model, ft =« -«

Vertical tail: . ‘ ’
Total area, 8d £t ® s 6. 8 o o @8 o s
Rudder area, 8¢ ft v s s0 . e s s s e »

Distance from normal center of gravity toj

intersection of rudder ‘hinge line and .
stabllizer chord line, ft R S

‘Tail-damping POWGI' factor ir-;:‘,o .« e 8 e e e o.

o‘o . ® o s s o o e h3.33

« e ; ... (‘; o.- ..31 3h

3P2.2

'éepublic Rk, 50°1710-1.0

Republic R—h 40-10-1.0"
ZVériable from.—2 to 6

‘e e B ® 030
rﬂ?‘. 3-05
e o 0.62
PR 4o
2 o e 5
L] o 127.08
e 3 . 69.0)4-
« s e 45-6
« « o h0.9
o s o 69.61
e oo 21.]
s & 15069
s e e 48.30'
. ." .y ‘,. 9.78
e . . 16 .97
450 x 1076
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§ *-TABLE IT.- CONDITIONS TESTED ON MODEL
4 S
5] e v i
) L . Variation from | . N ‘ o
. % - ; - Wing incidence Method employed in m
Type of test S " Loading " normal clean deg) red v atbempt Data 1
T %‘ : R . condition (; g) ' : ‘QC?W ‘ P -
Right and.left i _ . - e
- errect spins’ E ' Normal ‘ None ) 6 o Ru.d.der‘ reversal ¢
B I T s dom=m=m=n= 0/ . |==<<mmemeeeees e ¢
Do------- : R . R — C
. ~ | simultaneous rudder and elevator
. i N | .reversal; simultaneous rudder
Righ t" erect stﬁ ) 6’ 0 and aileron reversal; aileron ¢
’ reversal; rudder reversal
 Doeeemint Condltion after teke-off Wing tanks o sfﬁ:ﬁf“;ﬁ:’; :zge:tﬁ‘;m
an¢ cl:ll.mb;to 50 feqt Installed . rudder reversal. . .
Do---=-=== | - mmmeeeeeo- do- - -1- --do= - 0 Rudder reversal c
ceiiceee| Formel losding Plus | oo doeeeecl o0 e [
Do--: . o ds 0 d -
B empty wing_ta_nks-— ° o:
_"_' ______ Center of gravity at | . .+ . |_____ S PO
Do . 20-percent '€ None ° d.o ¢
~'Center of gravity at | __ _ - . o
' 2h-percent T do 6 i
. . Center of gravity at
Do<-=mmmoe 31-percent -G. B do=m==mm=m 6 | emmmemereneee. dommmmmmmme— -
Inverted spins to . T e T P I S S
pilot's right ; Normal T do 0 d,'o. ¢
Right erect spiné ----------;do---------:’ --------- do=~==-=-=~ '»6:“ Teil parachutes T
Right erect spins | =--====<=-- F TR Tail modifications | = 6 Rudder reversal T
NA(
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TABLE IIT.- mssmmmcsmmnrmmmsmmnesmsmmn-91mmmmmmmmumn :
[Hod.al values converted to - comupcmding full-scale nluu]
Relative  |Center-of-gravity L 3 - :
) { ) - .| density, s position d - Mcments of inertia : Mass paramsters .
umb Loading condition - | Weleht —— - - T —
N ¢ )y Bee fase00 | x5 | ase Ix T e o S ST Ak NPT F A SVET
: devel |7 » (slug-rt?) | (slug-rt?) | (slug-£t?)| ~ 2 - 2 e ;
. - i L E . . Alrplane ,ﬁuu . i B
1 |Normal gross-weight . | 18;600 | 2k.06 | 38.2 0,165 | 0,026 |° 14,783 .| 18,724 | 60,572 ~598 ‘08 [ 806

) © | Condition after take-off [ N - B IR B . : .
L2 i and climb to 50 fest 2k,532 | 31.73'| 50.40 .200 | .O4B 22,148 | 55,217 | -TL,2T70 ~ly -215 656
, {ving tanks installed) | . . e o - oo P :

3 ""’;‘ﬁ,ﬁﬁ;"‘im 1‘1“", at6 | .oz | d6,08 | 50036 | G265 | Sm. | T ew | 80
T4 [Most reerimnd oy @gﬁiii;i;sﬁm BTy |19 303 | ok | Lo | T | k3,13 | SkEse | k| 253 N

: Vee-tail loading with nesrly| - S : N L . ] :
5 © all fuel and ammnition . 14,172 18.33 [20.12 . 260 | .013 15,234 k7,108 . 60,6§ 1= -738 -313 1051
: " expended_(reference 1) 7 - . - , :

) i Model valuos e .
1 |Mormal gross wetght - | 18,615|24.07 [38.25 | 0.160 | 0,008 | 15,196 | 50,613 | 62,58 |- -2k 1 | - -em 833

" lcondition after take-off . ) : o o B
.2 .|, and climb to 50 feet. . '~2h,532 31,73 [ 50.40 +200 059 | e3,n7 54,723 70,668 -he2 ©oep13. | 0 636
S . {wing tanks ingtalled) . | . - - |- ) :

.§. |Wormal 8:"2:;:::]?:‘ ‘zlus - 19,615 | 25.36 [ 40.3 166 | Lol | 16,503 52,736 65,306 606 | -e10 816
oy, | Most rearward positiom of | 2 1 am o me |- i i j ]
b | genter of ‘gravity poasible 15,169 | 19.62, | 31.17 201 : . <016 15,0143 . uu,oos . ..56,_129 626 . e 888

Center of gravity moved

5 ?;::}ﬁ;m,:n:”s,d m | 14;240 | 18,50 |29.20 240 | w0 | 15430 | wme | 6,5 | -ma 29 081 -

reforonco 1)

9 | tail moved back 17.k in,

Conter of gravity moved . | . g _ .
6 o Sepons mf’a ™ 15,861 2050 {326 | 3w | w025 | 15,687 | 50,583 | 63,000 | . 72 -e57 979 5
Normal gross weight with | ’ el e T el e ’
7 tadl noved back 4.3 1n, - ;8_,83» gk,as 3872 e R oe'{ 1 62,914 ‘ 75,215 ‘ ~820 -2k 1035 %
Normal gross weight with e 1aa - o7 . ; . B .
8 M e e i, |10R |2 B | am | e | 0,69 | 06 | 16 ok 4] o
| Worme1 gross weight with 18,83 |2h.36 |72 | aes | wer [ 1m0 |- 56,675 | 68,975 - -m2 21k 926 - Q
=
[\V)
o



NACA RM No SLQEéO | | w e

:TAEEE IV.- SPIN-RECOVERY PARhCHUTE TEST DATA.OBTAINED

. FOR MODEL

[Normal loading, 6° wing incidence;’ drag coefficient
of parachutes & 0.70; recovery attempted from
spin having aillerons one-third agalnst spin and
elevator at 'bwo-'bhirds full up; recovery attempted .

by parachute * action alone, rudder remaining full -

with the spin; ‘towline length 31 2 ft (full scale);’ ;

' ‘righ“b erect spiné] S

Parachu'be' diameter

. (ft, full séale) Turns for recovery

:E 18, o, 23, 3, 3

1.3 43,43 o1
LS lh 14,’ ;4* 14’ T

12.09 Ce, a, 12, a2, a13

J aMod_él made sbout two turns about parachute axis aftérv

ol
Frimase s o Ehysraiy & w’m mtuﬂmma “—l‘wi \u{m&} uaérmurt:v %vw wmwv Tieg e I 'f"ér-;~':~ -.y é e ..“."»..‘c,,).»;—-: PO
-

agsuming a vertical attitude before rotatlon stopped.

=T

19
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TABLE V.- mm'r OF TATL MODIFICATIONS [0\ sm AND RECOVERY mcmxsrxcs OF XF- 91 MODEL WITH 6° WG IN’CIDENCE
_Apprroxmte nomal 1oad.1ng (adding the' modifications caused variations in the normal loading as i.ndicated.), land.ing gear and flaps retracted; cock'pit clom
recoveries n‘otempted. from and: stealy-spin data presented. for rudder-with spins, recovery by rudder reversal as mdica.ted, model values converted to
corresponding full-scala values, @t erect sping; , ) . )
Control settings - S E - R . i ]
L . : ) | Bffoctivenens | - ] @ aQ . v Turns’ - Lc?ding.
Description of modification . - | . of - . Rudder Hevator |Allerons | (gagz).| (4 (et fuec)-| ToF See )
. "7 | meditteation [T / (dog) | (d0g) | (rpe) | (etfmec)}  “C0 | tanle-1rI.)
. - e Initisl | Finel _ |
Modifrication 1 ,' rudder - spar j_ucreaaei . Iueffectlyp right 3 L 3 U 3 A 55 . 3 0.27 239 >3, - 1
Modification 2; “Fudder epan increa.aed e omar | 2 2 1 - ' o
and ventral fin added - L ID?HQCtive right 3L 30 3 A ) 5 _ 3 2T ) 239 : >3I,f° - 1
Modification 3; rudder chord dncreassd | - - .| Tl | 2 2. 1 %0 to R BRI T
. ‘ : | Tneffective .| . £t v ZA il R 26 2 >k
1l times and rudder span increased. . I‘ne‘ ; _ver . right 3 3 3 65 v 39 4 o
Modification 4; tail surfaces moved. e Full 2 2 1 I R ko - : o
rearvard 32.63 n.’ , Tneffective | yapy | 3T 30 34 2% 249 .- - 8
Modification 55 rulder chord dowbled | o . o[l Full 2 2 1, - |52to] 4 to SN o
and rudder span increased E“ac?’}“ “f rignt 3L 1 3 v 34 I 68 U 27 239 - %, 11% 1
CEal | 2y | 2y 1., | -¥o spin; tmparted rotation demps and modsl -
) . . v right 3 30 3~ dives ) S C
Molification 6; tail surfaces moved | . - . | gy Full - Yo spin; imparted rotati & and model’ B
rearvard 49.30 in. and ventral- | Effective - |- pygnt ot Full U | Full A o d:eea, mp rotation demps and model 7
fin area added . - - - -
: oL . -] - Full Full "W to .
T L et | ey | TMRID jROLA B (0% 299 ° -
L ' Full 2 2 {11 32 to | 20 to T
v e ‘ et | 3 sv L | 30 1, 14
Modification T; tall surfaces moved S Full Full :
rearvard 32.63 in. and ventral- Effective right 1ort | P T X 35 50 .22 337 %, % 8
fin area added . - N — '
B Full Full - Full 39 to | 6U to | | oar |
\ rignt | lert | Al s o | e 2
: . | oran 2. 2 1 36 to | 30 %o o 1
Modification 8; tafl surfaces moved , | remt | 37T 30 |34 46 ug | & 298, 13 2
rearvard 17.40 in. and ventral- Effective - 1. : 9
#in area added . e - T - B
. . Tl Full 29 to a2
' rant | 1ery | T " wo | ¥ 23 EE 1%
8y denoted inner wing up and D denotes iimer wing down S G EN - ' . ) NACA
‘ Notation: o : : ' o v :
ki) Up _— ’ : .
D Down - - .
X Neutral
L Left
A Agninst
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CHART 1, SPIN AND RECOVERY CHARACTERISTICS OF MODEL WITH €° WING INCIDENCE
Eloml 1onding (point 1 on table III and figure 5); landing gear and flaps retracted;

u\d steady-1pin data preuntad 1or, ruddu\-vich lpinn) recovery by full rudder ra"rnl unleu othorviu i.ndxontld-

cockpit closed; recovery uttolptud rml,

© -<Stesper spin also obtained,
"’Ar'nr launching, model becomes increasingly oleulltory in roll and nv and

then’ GOII into a right roll, w

ey,

srect lpinj
Right spins b F] Left spins L]
53 | | ' - 2 '
& - - V H
= g w5 g% g
246 022 “:3 §5’ I>»385 Ne |spin No |spim §'{ No|spin
+ e 4 £ 1 N 0 N
oo - gR ax [ <A
N . <~ <
P : d h
ue | sy ku 31 2u
; 11U - 2 {18y
glon.or 5 [P b Llevator
VR ¥ | |1 276 vp -
276 10.29 299 [0.25— 35 ]o.25 291 {o.24 gl -
as " ac . - ey © 6z 6 ¢ |~ -
; ; 8 - .
[o <] m B El & y & E =
wl®
o|lx«
»|%
3
1k
al
] e g r .
‘v | 11U
B |su | D
| LS 1D 8 1%y et - )
60 2D 3 . ;i ]ﬁ Allerons =i 1. -Allerons
T . . . full against © -] full with
239 jo.24 | 253[0.28 No {spin 253}0,2 353 | - T No jepin
A A ' a 1
oo 1, 3, 5 co 7!
: kW }:,-. ’
B 3-§ uE
N [ GRS
N (3] e E
. - L Is=B ~d
: R I . ‘ : A3|no
e- - K hi g . B 21+ Ao
N 9y . - U . k phi .
s6l1a | - 3|% o2 120 :
227 0:'.28 : . 306 |0.30 No [spin 246 lo.29 >353 No opin
a ’ ’ | a 11 -
oq o 13 25, % ‘ oo | 5 7
co lunl model :;nquirnd no""th.ln 10 turns for recovery. a @
Dgoes 1nto & steep aileron roll: ) tdeg) | tdeg)
SRudder reversed ‘fros full with- to 2/3 ng-in-t the spin ror roeonry. . Model valies
soillatés in piton, - .. . converted to v a
®A spin oscillatory in roll And yav alio obtuned. 0 A;°i‘i‘elp°g¢1nt1 (fps) | (rps)
l *No spin* condition als¢ obtained, 0 inney :1;: 3;" Turns for
h::;; :nto a steep, tight spiral, D mn" wing down recovery
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[ormal 1oading (point 1 on table III and figure 5);

SO IOENG L.
" OHART 2.- SPIN AND REGOVERY CHARACTERISTICS OF NODEL WITH 0° ¥ING INGIDENOE

landing gear and flaps retnctud' eookpn closed; recovery ntnp 8d: 1
and steady-spin data presented for, rudder-vlth lpinl- reaoury by full ruddor reverul unlou otherviu indiclte

‘;o-un.tory in ™11 and y-v and vanders, ~

For recovery, model either goes into a.left roll or dives,

depending on attitwde of model when rudder reversed.

%Goes into a steep Alleron roll,

Rudder reversed from full with to 2/3 against the spin ror rocovery.,

200 means model required mors than: 10 turnl for recovery.

Goes into a steep tight

19 lpi.n oscillatory in

into a right rol

"o spin” oondition lll. obtalned,

Yi

roll and yav al‘lo obtained, .
ander

’-Mtu' launohing, nodel bneonel incruungly oscillatory in ron nnd y

* Allerons..

No | spin)]

lpinlj .
a Two types of apin Right _lpiﬁl . o S Left spins
= R o -
67 1loU PO »
- . - -
- wd . e Y- T W
276 . 276 Jo2k] . §§) _-19369 No|spin No ‘jepin §tzn opEss]
ERS e ’ R © XN I
bl, bz 1%' 2 55 . f%" 1 ':':S ‘ %' %
50 | 10U 7 b1 s Bg | 8u
) g};ntor —t 38 | & il'zl/.gvltor . >
up 1 up .
- ™ 253 .26 306 |0.25 8
gd1d, R 1
ki S 2
Mlerons i/3 agatnat] . 5 i
T g3
. Sla
.Tvobtypel of spin _ P hy . ol
34 {190 143 150 ‘ . 10 ]
.68 |1lv 55 |9 50 |1av Ailerons :
. : — : : T full against -
|-em 246 |0.29 249 p.30 No ppin 276 .28 : : 53
| — - -
L 3 ‘oo EX) ‘oo Y
3 -~
3-§ B
_ | M
. ST ol b &
h £ . IR o R
i 6D | g - = N
253‘ I 49 |8u 45 pou
{ B
1 227 p.30 253 b.29 “No ppan| | [268 Po.ko| . >337| ©:
too 13, 2}os) *oo | 1

. Model values
‘converted-to
.corresponding

full with-~ .

full-scale values.
.- U inner wing up
D inner wing down

No | spin)

u No {spin

a P -
{deg) [ (deg!)

-V Q |
(fps) | {rps)

Turns for
recovery
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CHART 3.~ BPIN AND REGOVERY'OHARAGTERISTIGS OF MODEL WITH -2° WING INCIDENCE =
Eorﬁl loading (point 1 on table III and rigure' 5); landing gear and flaps retracted; cockpit closed; recovery att@iptod froa, E
and steady-spin data presented for, rudder-with spins; recovery by full rudder reversal unless otherwise indicated; erect lpin;_'] =
Right spins - Left spins .
2 :‘.‘: - 1 :':j ' v \%
43| 9D 28 wm| o LY B
58 | 10U Eg’ Sk | bU e Y
N , N 1 1 R . o
264 .23 <y 3060.23 No [spin 1 | wo|spin < 353 No | spin
I . B N N e N N . R
2,2 a 1, v ’] I, 1
. d . . Ea 8u 3 35
rievator | %72 |0.27 . Elevator (321 j0.2%} 4
2/3 wp ros BN B oo 2/3 wp FE) SB|u~
—w 4 4, : 1| s jox
Two types 2,7 2f - . . 1, 3 -:4|7%
o O wpAR 1t : ' a ' aaje~”
~ 147 | # . L ) '
64 | 110 S 51|, 80
- : i Allerons - Allerons _ -
. : " ) ST BE full agalnst | . full with .
234 | 253 j0.27| | 261|0.27|" — .| No |spd | . -] 280 J0.29 345 ——%1 No |spi
b % M)u : 1&_, 2 ) b M, 6 P3| ‘ 4
. u |uE
o Lo I 137518§
Two types of spin” =~ . - . ] Fea .
® IRy o - , A , q»f'-‘-q &g g
371 1o | : k v ' v :
‘20 12U 5% sU . - B B ‘ . ) .
231 2u6 lo.27| |268]0.29 No |spin 291 | 0.2 baus| : ¥o |spin| ¢
1 e o o3 Lk ' h : . o C
13, 2 6,00 % 2% |- co e 3
i e - 7
;A “No spin" condition also obtained. R o B S N ¢
Goes into a_steep aileron roll. . €aoes into steep, tight spiral. . o N (deg) | (deg)
Soscillates in pitch.: S h OO neans lodeg’reqslredpuo're than = Model values . :
Recovery attempted by reversing the rudder - .10 turns for recovery. convérted to - A . v Q
R from full with to 2/3 against the spin. e After launching, model becomes corresponding. .. - - | tfps} | {rps)
Oscillates in roll and yaw and wanders. .(° ~. inoreasingly oseillatory -in roll full-scale values. -
Wanders. . ) o and yav and then goes into a right U innerc wing up Turns for
w7 v . roll,’” D inner yalng down recovery
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CHART Y4,- EFFEGT OF VARIOUS GON'I;REL MOVEMENTS ON THE !;;i E!OVERY CHARACTERISTICS OF THE MODEL

[Loading and wing incidence as indicated; landing gear and flaps retracted; cockpit closed; recoveries attempted from rudder-full-
with npins- r:l.ght erect spins:] v

02HEEIS *ON WY VOVN

Normal loadin ,(point 1 on table III and - Noml loading (point 1 on table III and Normal loading plus take-off wing tanks (point 2
figure 5). i SLng' ineidence - figure 5), 50 wing incidence - on table III and rigure 5) 0° wing incidence
R B - = »
Py 4 i - 1. S - . a. ul .
Rloeo| af S R 1,2 .E Rl 1] R | co <5l
8% a 58 1 ) : - § .
Chi RE| 0O £d REI1, 23| "~ | No| spin -3 -
- I e —1 b 3
mjP1 s B 24 RA |1 34
d 4
AMlS R _a) ) ) R 2%. ) R |*
Elevator .| ) " | Elevator - Elevator
2/3 up . - | e |FF phoo P 2/3 up
R (1 S AL T et
©.1 £3u S
A 1 [ 2] B . . A"l
S3|a
jahil R YE
Allerons erons
full full
sgainst with
(Stick (Stick
Teft) Iright)
t «%
{ OHE o
- X ] -t i
~ la o] &
Mrao] mo
~—r 4
R o0 R | CO
m 23 i ’ R |1
c S } - - .1
A 12’ v - . N - N A 12-
:wnum model required Bore than 10 turns for recovery. - . Turns for reooverj by:
Gon into ‘a steep inverted attitude alleron roll, . . . :
®Goes into a spiral. E Key -
Rudder reversed from full with to 2/} ngninlt the apin, : RE R - Reversal of rudder
®Goes into a steep aileron roll, DR
- " RE Simultaneous reversal. of
L - rudder and elevator
LT e Bimultaneous reversal of
RA mddor and movement of all-
oy Hovelant of allerons to
_ , . A “full with the spin
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%HART 5. SPIN AND RI:OOVW ‘ciumo'rmxsncs OF MODEL WITH WING TANKS INSTALLED AND 0° WING INGIDENCE

|Loud1ng as; indicated; flaps and landing gear retracted; cockpit closed;. recovery actonpted from, and steady-spin data
g
prountod for, rudder-vith spins; recovery by full mddor reversal unlnl otherwise indicated; right erect -plnll

02HE6TS "ON W VOVN

Normal Iogdlng plus empty wing tanks inutaned (point 3 COnditlon after take off and climb to 50 feet, wing
- on table III ang ngurc 5-) * tanks installed (point 2 on tnble III and figure 5)
T 1. m o o W] e 2T
63 | 17U f ‘35‘ _ 57 |11 57 |15U §g, 39 16U
3 - -
cd e ® B
0 - L -
253 p0.25| - 5«5 268 lo.24 No [spin| - 268 |0.26 o.“g 345 [o.27 No |sptn|
& 3 1 by : a 7 1 i
: B P oo i, 2
] s e | |27 51 |12v | |12 % 3
Llevator Ilevator X :
2/) up 3| 246 0.27 2/3 up 291 0.27 8 g“-ﬂ'\ 3
1“0 G I |
, 4 o @ | &ge~ r
2 U : 47 Jl 51 | 6U
25 1211 . 57 |11U 22‘ 17U 46 | 8U
B T - . Allerons - - - Allerons :
246 [0, 30 [ 253 |0.28 : No |spin| 261 [0,29 | fU11 aERINSY| o5 (5 59| fUll with Ko [spin
< ks - . ‘ n (8tick lert) 1 {Btick
i 00 | oo P >3, >4k | Tisht)
gl ~
3 88| uE
| adlod
Y > pt
Ty | 1K
b s L4 : a& r
auf .3 au W | 1w
5g | 19u £ 61 {150 ‘|61 |14 47 hou
231jo.28| " leso |o.28 S No |spin 261 | 0.30) 299 b.
: S | . ] 3 2’ » No |spin
& < - a a a :
%oomeans model required more than 10 turns for recovery. ’ — a ¢
Goes into a glide or dive, : . ) i {deg) | (deg!
SResults of left spins similar, : ~ Model values
dRudder reversed from full with to 2/3‘lga1nn the npin. converted to T v :Q
;Gou into a ‘steep alleron roll. SONOEAIINN gzﬁesw‘l‘:mﬂl e (fps) | (rps)
" sca values.
Goes into a steep, tight spiral. ) U inner wing up Turns for
w D inner wing down recovery
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GHAni 6.- EFFECT ON.MODtL SPIN AND RECOVERY CHARACTERISTICS OF MOVING THE CENTER OF GRAVITY REAREARD :
[Loadlng as.indicnted; landing gear and flaps retracted; cockpit closed; recoveries attempted from, and steady-spin data

: presented~ro§, rudder full-with spins; right erect spifd]

Center of giﬁvity at'nppfoilhately,Zo percent ¢ (point Y4
on table I-;I,nnq figure 5). 0° wing incidence

2 ' SR  b‘
R =3
7 |16U g,
231 lo0.21 St 5 | 0,23 : No |spt
1 11 ' '
5, 2 kgi| eU ez
Elevator : ' T e
Llevato 219 0.23 S
c ¢ .
2,. 3
b
45 10D |- ; | 4o o . :
63 {1 [ | 49| sv
231 0. 24fes- 239 |'0.27}— =1 ¥o |spiq
. i n
>6 » 2, 25
. b
4o | sp s '
60 1;11 | |5
231 l0.25 o 246 |0.26 - ‘| No |spin
a :
co : 13 2}

%) "No spin' condit ion also obtained,

Goes into a steep tight spiral. '

%Rudder reversed from full with to 2/3 againat the spin.
400 means model required more than 10 turns for recovery.

Center of gravity at 2l percent. ¢
0° wing incidence

and figure 5),

.. % :
T g
3
e
L]
. g%
No | spin <
b6 | 5U
- Elevator 2 0.18
2/3 up ‘ 39, i A;‘c‘_':g‘ i
1 11 - © M
R AN
Hel2e
= Allerons Allerons
full against full with
(8tlok lert) (8tick right)
— -
xl o~
EMEF
4= g
K KX
. .

CAfter launching, model beoomes inoreasingly oscillatory in roll and yaw and then

goes into a left roll,
7Goel into a glide.

(point 5 on table III

N,
Model values
converted to
corresponding

full-scale values.

U inner wing

D inner wing

up
down

a
fdeg}

¢
{deg)

-V
{fps)

Q
(rps)

Turns for
recovery

0SESTS *ON W VOVN
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CHART?6,- EFFECT OR MODEL: S8PIN AND RECOVERY GHARACTERISTICS OF MOVING THE OENTER OF GRAVITY REARWARD { GONCLUDED)

'02EETS *ON WY VOWN

Center offgravity at-‘nppro‘ximstely 2l percent © (point 5 on Center of gravity at 31 percent T (point 6 on table IIT
_ table III and figure 5). 6° wing incidence and figure 5). 6° wing incidence :
a ;o So: ] o e : £ h ;
j N - - -
o agd ad
1 il
o i : fala ’
208)0.18 i Two types :r__lpin 276 No lepin| - 13N :
b, b | : “Ta a 1
L b ’
e L LT [%%
Elevator 239 0.-19 239  0,14 = - . Elevator No Lpin [}
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——] fg»w_ g SR' ] 1 P .| 1 icl!
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- - i 2e|a=
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. - L
, S § %
. o oW -
| - LEHH :
: - 3838]848
a : h i 1
i ) A
231 |0.16 ‘ o P353 No }pm No | sp1
1 R o - ' ' ‘ : :
L1 o . %“ % A - . :
2Extremely oscillatory in pitch, roll, snd yaw and wanders. - .

" 9For recovery, model elther pitohes over and rolls left or goes 1into. a |. a ¢
glide, depending on attitude of model when rudder is reversed. : . ) tdeg) | tdeg)
anders and has wide spin radius. o o Model values .

dsping other direction mfter recovery from right spin, SNE N IPeY converted to - v Q
$Goes into a steep aileron roll. . corresponding o (fps) | {rps)
©O means model required more than 10 turns for recovery. ) . full-scale values. R

gﬂuddor reversed from full with to 2/3 against the spin, U inner wing up ) | ‘Turns for
After launching, model becomes inoreasingly osclllatory in roll and yav %111 it dives out b 1.““"'"1.'13_ down : - _ recovery

1A¥é¥§ix&ohing. model becomes increasingly oscillatory in roll and Yaw. and then goes into a .
Jaoes into & aive, : ’ . : » . : 'W



 NACA RM No. SLGE20

SOONTHDTNT L
CHART 7.- INVERTED SPIN CHARACTERISTICS OF MODEL WITH O° WING INCIDENCE

[uorul loading (point 1 on table III and figure 5);

flaps and landing gear retracted;

cockplt closed; recovery attempted from, and steady-npin data presented for, rudder

full-with upins° recovery by full rudder reversul unless otherwine indicated;

spins’ to pilot'u right]

No rpin

Stick full left |

4o |18U
.58 [12D
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‘Figure lL—-Three—view_&rawing of the 53-scale ﬁodel of”ﬁhé Republic
XF-91 airplane with a conventional tail. Center of gravity at

16.5—percent mean aerodynamic chord.
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| ——2.41"
(A Installation of tanks.
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® Tank details. - :

Figu:'rev :2.‘— Ext_ernal fuel tanks a.nd. tank installation on model.
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NACA FM No. SLIEZO

. (b)‘mae;jlrhthout external fuel anks. L-60I569

"without the extermal fuel tanks attached.
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Flgure 3.— Model with and
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'NACA EM No. SLSEZ0

W cati 3480
X3 nurmbper 1 Modification
' number 2
_ Moditication Modification Moditication
number 3. numoper4. - numper 5.
Al 32
- Modification
§ . numboer 7
ﬁﬂiﬁ,&_’w e R T A S U L N Secrlon t |
. . - . \? ’
Figure h.—-Comp&rison of original tail and tail modifications tested on

the model. (Dimensions are full scale)




Figure 5 Model spinning ;ln Langley 20-—fQot free-—spinning tunnel.
: External fuel- tanks installed."on model.
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Figure 6.— Mass parameters for loadings possible on the XF—91 airplane
and for loadings tested on the model. (Points arve for loadings listed

TR T i table’ TILL)
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